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Tminimum maximum minimum maximum minimum maximum minimum maximum
number of pieces 1 1 2 2 2 2 2 2
start time (min.) 645 646 914 915
end time (min.) 1177 1334
piece length (min.) 30 300 30 300 30 240 30 300
break length (min.) 15 90 15 90 15 90
duty length (min.) 30 300 532 420 570
work time (min.) 30 300 532 420 570



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































problem low upp  bus driv low upp  bus driv
prob24 12 12 6 6 12 12 6 6
prob42 19 19 9 10 19 20 9 11
prob72 15 15 5 10 15 15 5 10
prob113 23 24 8 16 26 26 8 18
prob148 34 34 11 23 45 45 11 34









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































￿prob24 prob42 prob72 prob113 prob148 prob238
nodes 48 84 144 226 296 476
arcs 132 312 460 846 1,376 2,260
iterations 5 6 9 9 15 20
average pieces 463 1,568 4,606 9,891 16,237 52,538
duties  529 1,689 6,026 9,329 28,208 70,307
cpu m. 0 0 3 7 1,261 1,845
cpu p. 1 8 41 136 6,907 14,422
cpu t. 1 8 44 178 8,169 16,274
lower 6 9 9 13 19 16
upper 6 9 9 14 22 18
gap (%) 0.00 0.00 0.00 7.14 13.64 11.11





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































dprob24 prob42 prob72 prob113 prob148 prob238 prob24 prob42 prob72 prob113 prob148 prob238
nodes 48 84 144 226 296 476 48 84 144 226 296 476
arcs 132 312 460 846 1,376 2,260 132 312 460 846 1,376 2,260
iterations 5 12 19 44 106 254 3 4 12 9 15 14
average pieces 463 1,568 4,606 9,891 16,237 52,538 1,367 4,706 8,716 19,511 33,435 101,187
duties  512 1,711 7,063 12,644 29,667 80,945 2,201 3,780 5,092 3,150 8,984 16,536
combined duties 213 438 628 323 1,816 4,972
cpu m. 0 2 18 150 911 27,644 0 0 7 0 3 12
cpu p. 1 14 34 837 4,188 214,436 1 19 289 41 255 3,927
cpu t. 1 18 56 1,024 5,185 242,080 1 19 296 41 258 3,942
real_lower 12 18 14 23 33 27 12 18 14 26 38 30
upper 12 18 14 23 34 28 12 18 14 26 41 32
buses 6 9 5 8 11 9 6 9 5 8 12 9
drivers 6 9 9 15 23 19 6 9 9 18 29 23
gap (%) 0.00 0.00 0.00 0.00 2.94 3.57 0.00 0.00 0.00 0.00 7.32 6.25































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































problem low upp driv low upp  bus driv low upp  bus driv low upp  bus driv low upp  bus driv
prob24 12 12 6 12 12 6 6 12 12 6 6 12 12 6 6 12 12 6 6
prob42 18 18 9 19 19 9 10 18 18 9 9 19 20 9 11 18 18 9 9
prob72 14 14 9 15 15 5 10 14 14 5 9 15 15 5 10 14 14 5 9
prob113 21 22 14 23 24 8 16 23 23 8 15 26 26 8 18 26 26 8 18
prob148 30 33 22 34 34 11 23 33 34 11 23 45 45 11 34 38 41 12 29
prob238 25 27 18 27 29 9 20 27 28 9 19 30 33 9 24 30 32 9 23
changeovers no changeovers
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